The formation of tumors in intrasplenic ovarian grafts in castrated hosts has been observed re peatedly in rats (1, 10) and mice (2, 7, 8, 9) . In all the studies undertaken up to this time both young hosts and donors were used; in fact, autologous grafts have been made in most of the experiments.
The theory has been proposed that ovarian tumorigcnesis occurs in the intrasplenic and intrapancreatic grafts in castrated animals because of the existing hormone imbalance due to a decreased systemic level of estrogen and an increased level of gonadotrophin (3, 7). Similar conditions might oc cur in old animals whose ovaries have lost most of their capacity to produce hormones. It is known, for example, that urinary gonadotrophins increase subsequent to the menopause. Under such condi tions, why do not granulosa cell tumors occur more frequently, if the above theory is correct? Two possibilities present themselves: (a) The ovaries of old animals may be refractory to stimulation by even augmented amounts of gonadotrophin or (6) the level of gonadotrophin may be inadequate in quality or quantity. The former assumption seemed more likely, so experiments were designed to investigate this hypothesis.
MATERIALS AND METHODS
Male and female mice of the A, C57, and CBA strains were used.1 They were maintained through out life on Purina Fox Chow and water and in an air-conditioned room. days old) of the same strain was transplanted into the spleen when the hosts were 32-49 days old (Table 1) . Group 2.â€"Eighteen mice were castrated when 204-370 days old. Ovaries from mice 204-370 days old were implanted into the spleens immedia Iely after removal of the gonads. Autologous grafts were made in the females (Table 2) .
Group 3.â€"Ovaries from old donors (340-407 days) were transplanted into the spleens of six mice, from 54 to 105 days of age, and immediately subsequent to castration (Table 3) .
Group 4-â€"Fourmice of the C57 strain were cas trated when 55 days old, and ovaries from donors 409-91 days old were implanted into the pancreas (Table 4) .
All operations were undertaken without at tempts to maintain asepsis but with care to pre vent undue infection. Usually 5-15 minutes elapsed between removal of the ovary and its implanta tion. The ovaries were invariably traumatized dur ing the procedure.
The mice were examined several times each week and were removed from the experiment only when large tumors were palpable or, with the ex ception of the animals in the first group, when their condition indicated impending death. At autopsy the following tissues were examined: mammary glands, ovarian graft, adrenal glands, pituitary gland, salivary glands, and the acessory genital organs. The presence or absence of adhesions of the grafts to the body wall or adjacent viscera was de termined. The grafts, adrenal glands, and genital tissues were fixed in Bouin's fluid and after sec tioning at 7 M were stained in hematoxylin and triosin.
OBSERVATIONS Tumors in intrasplenic ovarian grafts in mice castrated before puberty.â€"The mice were killed af ter they had carried the grafts from 180 to 187 days (Table 1) . Only four of the ten mice had lesions considered, from histolÃ³gica! examination, to be tumorous. Two of the nontuinorous grafts were adherent to the body wall.
The tumorous grafts were small and histologically not unlike those described previously (8, 9). A few follicles and hemorrhagic cysts were found in portions of the tumorous grafts. Luteinized atretic follicles, hemorrhagic follicles, and a few small and medium-sized ovarian follicles made up most of the nont timorous grafts. Ingrowth of the germinal epithelium was present in all the grafts were a dherent to the body wall and because two of the hosts survived less than six months subsequent to intrasplenic implantation of the ovaries, the total number of satisfactory experiments was only ten. The average age of the four transplants that were tumorous was 299 days, and the average of the six nontumorous transplants, not excluded as mentioned above, was 280 days. except the two that were adherent to the body wall.
The seminal vesicles of all the male hosts were atrophie. The uteri of all mice without parietal adhesions were atrophie.
Ovarian grafts in adult mice.â€"Onlyfour of the seventeen mice, which were 204-307 days old when they were castrated and when the intrasplenic ovarian grafts were made, had granulosa cell tu mors (Table 2) . Because five of the transplants The granulosa cell tumors were not unlike those described previously (8, 9). They were composed predominantly of massive and trabecular arrange ments of granulosa cells. Normal follicles were lacking in these grafts. Cells laden with lipoid and vacuolated cells were found in portions of most tumors. The nontumorous grafts consisted funda mentally of an ingrowth of cells from the germinal epithelium and of stroma.
The uteri of several of the mice were quite large.
Cancer Research
The uteri of untreated ovariectomized mice rarely weighed more than 40 mg. Those animals with adhesions usually had hypertrophie uteri (see 23 CBA and 26 CBA in Table 2 ). One mouse with a large uterus (11 CBA) had a small adenoma of the adrenal cortex. Such tumors produce substances that stimulate the female genital tissues (4, 11). Another mouse (9 CBA) had no adrenal lesions of the hypertrophie type, and, apparently, adhesions to the paÃ±etes were lacking. The graft was adher ent to the pancreas and mesenteries. Venous drain age may have been established through the mesometrium, although adhesions to this area were not noted at necropsy.
areas of hemangiomatous tissue were present in all of them. Spicules of bone were found in one. The tumorous areas were composed of masses of trabecular or follicular arrangements of granulosa cells. Ingrowths of the germinal epithelium were slight, but such observations are not uncommon in the larger tumors.
All the four castrated mice of the C57 strain that had ovaries from donors 409-91 days old, trans planted intrapancreatically when they were 55 days old, had luteomas or granulosa cell tumors when they were 320-69 days old (Table 4 ). The tumors were not unlike those described previously (8, 9). into young castrated mice, gave origin to tumors with about the same inci dence as did young ovaries, transplanted into young hosts. The number of observations is too limited to determine whether or not the incidence of tumors would be lower when old ovaries are transplanted but indicate that the difference is not great. The old ovary is apparently as susceptible, or as nearly so, as is the younger ovary, when both are in the young environment.
TUMORS ININTHASPLENICTABLE
A satisfactory experiment cannot be attained when old ovaries are transplanted into aged (400-500 days old) animals, because of the restricted sur vival of the older hosts. However, when castrated Two of the female mice of the CBA strain had mammary adenocarcinomas.
Such tumors are not uncommon among untreated multiparous females or estrogen-treated mice of this strain and in this laboratory.
Old ovarien transplanted into young hosts.â€"Six mice were castrated when 54-105 days of age, and ovaries from mice 340-407 days old were trans planted into their spleens. Four of the hosts sur vived more than 180 days and had no adhesions to the parietal peritoneum (Table 3 ). The average age of the four mice bearing the granulosa cell tumors were 423 days, and the ovaries were, on the aver age, 729 days old.
The tumors were somewhat different than those arising in younger ovaries. Areas of necrosis or mice-from 200 to .'500days of age received trans plants from donors of a similar age, the incidence of granulosa eell tumors was lowâ€"fourof ten mice had tumors at death, whereas eight of ten young mice bearing old ovaries had tumors in the trans plants.
The hormonal environment of old and largely anovular ovaries in aged mice is not compatible with the origin of many spontaneous, granulosa cell tumors, as these tumors rarely occur (5) . Occa sionally an old mouse will have ovaries showing ingrowths of the germinal epithelium similar to those seen in the pretumorous stages in the intrasplenic ovarian transplants in castrated hosts. Whether or not these might become tumorous if the animals had survived for a longer period is problematic. To account for the failure of tumors in the old, intact ovaries, it must be assumed that, should the hypothesis be correct as stated in t lie introduction, the production of the gonadotrophic hormone must be quantitatively or qualitatively inadequate. This assumption is compatible with the observations in the present experiments. Both the observations on the experiments described above and the assumed reason for the rarity of spontaneous ovarian tumors indicate that age changes in the pituitary coincide with age changes in t lu-ovaries.
The low incidence of ovarian tumors in the mice that were castrated when very young and in those that received intrasplenic transplants several weeks later (five of eight mice without adhesions) differs from that observed in many mice that were castrated and that received transplants of ovaries on the same day; but all the mice were killed when the grafts were no older than 232 days. In an earlier study (9), 21 of 22 mice with intrasplenic ovarian transplants had tumors when the grafts were 278 days old.
SUMMARY AND CONCLUSIONS
Five of eight mice that were castrated when 8-14 days of age and that received intrasplenic trans plants of ovaries when 32-49 days of age had ovarian tumors when the grafts were 219-30 days old.
Four ovarian tumors appeared in intrasplenic or intrapancreatic transplants of ovaries from ten mice that were 204 70 days old when the ovaries were transplanted intrasplenically into castrated hosts of a similar age; in these the grafts were not adherent to the parietes.
Eight ovarian tumors appeared in intrasplenic or intrapancreatic grafts of ovaries from mice 340-491 days of age when they were transplanted into mice from 04 to 105 days of age.
Old ovaries are susceptible to tumorigenesis when in the proper environment and apparently as responsive as are the ovaries of younger animals.
